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Highlights

* The monovalent and tetravalent substitution in spinel ferrite was successfully
done by sol gel autocombution technique.

* Good nanocrystalline spinel ferrite material was achieved by simple and cost
effective synthesis technique.

 The ordered inverse spinel structure of Lip sFe; 504 is not influenced by Zr**
substitution.

 The cation distribution suggest that the Zr*" ions prefer octahedral [B] site.

* The elastic properties were estimated by Furrier transform infrared
spectroscopy.
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Abstract

The present report deals with the structural and elastic behavior of Li* and Zr#* substituted spinel
ferrites. Nanocrystalline spinel ferrite system of chemical formula Lig 5+ 5xZrxFe, 5.1.5x04 (Where,
x=0.0,0.1,0.2, 0.3, 0.4, 0.5 and 0.6) was synthesized by using sol-gel auto combustion method. The
as-prepared powder was annealed at 800 °C for 5 h for better crystallinity. The annealed samples

were characterized by X-ray diffraction technique and Fourier transform infrared spectroscopy for
structural and elastic studies respectively. By applying the full pattern fitting of Rietveld method
the X, y, z coordinates of atoms, unit cell dimensions and occupancy of ions were estimated. The

lattice parameter was found to decrease after substitution due to increase in electron affinity. Site

preferences of cations were obtained by matching experimental and calculated intensity. The
characteristic bands of crystallographic sub-lattice for the cubic structure were observed by FTIR
spectra.

Introduction

Incredible electric and magnetic properties of spinel ferrite are the in charge of their applications in
many fields. These properties intimately depend on the structural arrangement of spinel ferrites
[[1],12], [3]]- The spinel ferrites (AB;04) have two interstitial sites namely, tetrahedral (A) and
octahedral [B] sites. By site preferences of different ions spinel ferrite is again classified into three
types namely, normal, inverse and mixed. In normal spinel, the (A)-site is occupied by divalent
metal (M2*) ion whereas the [B]-site is accommodated by Fe3* ions. The inverse spinel is formed by
adopting Fe3* ion at (A)-site whereas the [B]-site is accommodated by Fe3* and divalent metal ion
(M2*). In mixed spinel, the Fe3* and M?* jon can found at (A) and [B]-sites randomly. In literature,
lithium ferrite with chemical formula, Lig sFe; 504 has been studied extensively by the researchers.
Lithium ferrite is a cubic ferrite, belonging to the group of soft ferrite materials with a square
hysteresis loop, high Curie temperature and high magnetization [4,5]. It has numerous
technological applications in microwave devices, computer memory chip, magnetic recording, radio
frequency coil fabrication, transformer cores, antenna rod, ferrofluids, hyperthermia, promising
cathode material in a lithium-ion battery, etc. [[6], [7], [8], [9]]. The cubic spinel structure of lithium
ferrite can found in two crystalline forms, i.e., ordered and disordered phase. In the ‘ordered’ phase
(space group P4;32/P4332), the Fe3* ions are at octahedral 12d and tetrahedral 8c sites, and Li* ions
occupy only the octahedral 4b positions in the cubic primitive unit cell. In ‘disordered’ phase (space
group Fd-3m), the Fe3* ions at tetrahedral 8a positions and Li* and Fe3* ions randomly distributed
over the 16d octahedral sites [10,11]. Several synthesis techniques were available for the
preparation of spinel ferrite nanoparticles [12,13]. By considering their merits and demerits the sol-
gel autocombution techniques have much advantages [14].

One of the convenient ways of improving essential properties of spinel ferrites is the substitution of
a suitable cation such as Ni%*, A?*, Ti**, etc. [[15], [16], [17], [18]]. Substitution of zirconium
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increases the high-frequency response of ferrites; this has gained considerable importance in
recent years because of Gigahertz range applications at present. The addition of zirconium
produces dilute spin glass behavior in ferrites and can enhance the frequency range of lithium
ferrite. Although many researchers give out with the modification of both lithium and zirconium
ions in spinel ferrite, the study of substitution of Zr** and Li* in (A)[B,]04 spinel type ferrite and
found some exciting results [[19], [20], [21]]. Zr** ions are most often used because they quickly
enter the spinel structure and strongly prefer the [B]-sites. Zirconium is known to lower the
anisotropy field, which improves the microstructure of the lithium ferrite. Thus, in the present
study, by considering Lig 5Fe; 50,4 as a base compound we have increased the Li* and Zr*" ions are
introduced systematically.

In view to study the impact of Zr#* ions on structural properties of lithium ferrite, we directed to
synthesize Zr** substituted series by sol-gel auto combustion route and to investigate their
structural and morphological properties.

Section snippets

Experimental details

The synthesis of Li* and Zr%* substituted MFe,0, spinel ferrite was carried out by sol-gel auto
combustion technique. Li(NO3), Fe(NO3)3 and Zr(NOs3)4 nitrates of analytical reagent (AR) grade in
stoichiometric proportion as a source of Li*, Fe* ions and Zr*" ions respectively and citric acid
(CeHgO7) as a chelating agent procured by Merck (~99.99% purity) were used for the synthesis
without further purification. The oxidants were dissolved separately in the minimum amount of
distilled water and ...

Thermal analysis

The calcination process of lithium ferrite (LZ-1) was analyzed by TGA curve (Fig. 2). The first ~8%
weight loss around 180 °C and the second ~20% weight loss before 400 °C corresponds to the
solvent evaporation and the release of nitrogen gas respectively. The last ~35% weight loss with a
sharp exothermic peak at ~800 °C is associated with the oxidation-decomposition. Meanwhile, the
weight decrease continues with the total weight loss of ~70%, indicating the formation of lithium
ferrite....

Conclusion

The synthesized samples show ordered inverse spinel structure with P4332 space group. The lattice
parameter decreased after substitution of larger ions in the lithium ferrite. The cation distribution
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suggested that the tetravalent zirconium ion strongly prefer octahedral site. The ordered spinel
structure and CD evident that most of the Li* ions are also accommodating [B] site, whereas the
Fe3* jons are distributed over both (A) and [B] sub-lattices. The agglomerated spherical morphology
with...
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